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:LWK D ZLGH DUUD\ RI ELRFOLPDWLF DQG WRSRJUDSKLF
FRQGLWLRQV WKH :HVWHUQ *KDWV KDV D KLJK OHYHO RI
ELRGLYHUVLW\ DQG HQGHPLVP DQG DW WKH VDPH WLPH
LW LV RQH RI WKH PRVW WKUHDWHQHG UHJLRQV WKDW KDV
HDUQHG LW WKH VWDWXV RI D ELRGLYHUVLW\ µKRWVSRW¶
%RVVX\W HW DO  0\HUV HW DO  7KRXJK
WKH IORUDO DQG YHUWHEUDWH IDXQDO GLYHUVLW\ IRXQG LQ
WKH UHJLRQ DUH ZHOO GRFXPHQWHG OLWWOH LV NQRZQ RI
WKH OLWWHU DQW GLVWULEXWLRQDO SDWWHUQV RU
DVVHPEODJHV LQ WKH GLIIHUHQW YHJHWDWLRQ W\SHV RI
:HVWHUQ *KDWV IRUHVWV )RUHVWV LQ WKH WUDQVLWLRQDO
:D\DQDG UHJLRQ RI :HVWHUQ *KDWV FRQVLVW RI 
SULPDU\ YHJHWDWLRQ W\SHV PRLVW GHFLGXRXV
IRUHVWV HYHUJUHHQ IRUHVWV DQG 6KROD HYHUJUHHQ
6KROD IRUHVWV /RZ HOHYDWLRQ HYHUJUHHQ IRUHVWV
GRPLQDWHG E\ GLSWHURFDUSV FRQVWLWXWH WKH PRVW
WKUHDWHQHG KDELWDW LQ WKH :D\DQDG UHJLRQ DQG LWV
FRQWLQXXP DORQJ WKH :HVWHUQ *KDWV KDV EHHQ
IUDJPHQWHG 1DLU  3DVFDO  ,W LV ZHOO
NQRZQ WKDW VWUXFWXUDO FKDQJHV LQ YHJHWDWLRQ DQG
UHODWHG YDULDWLRQV LQ VLWH WHPSHUDWXUH UDLQIDOO DQG
IRRG UHVRXUFH DYDLODELOLW\ FRQWURO OLWWHU DQW VSHFLHV
ULFKQHVV DQG GLYHUVLW\ $ORQVR  %UKO HW DO
 2OVRQ
'LVWLQFW GLVVLPLODULW\ EHWZHHQ WKH OLWWHU DQW
DVVHPEODJHV RI 6KROD HYHUJUHHQ DQG GHFLGXRXV
IRUHVWV LQ WKH :D\DQDG UHJLRQ LQ UHODWLRQ WR WKH
IRUHVW YHJHWDWLRQ VSHFLILF DELRWLF IDFWRUV KDV EHHQ
UHFRUGHG /LWWHU DQW VSHFLHV VSHFLILF WR WKH
HYHUJUHHQ IRUHVW UHSUHVHQW VSHFLHV DGDSWHG WR D
FRRO PRLVW FOLPDWH DQG WKH VSHFLHV VSHFLILF WR
GHFLGXRXV IRUHVWV UHSUHVHQW VSHFLHV DGDSWHG WR
RSHQ GU\ KRW FOLPDWHV XQSXEOLVKHG
REVHUYDWLRQV 7RJHWKHU ZLWK WKHLU UHODWLYH
VWDELOLW\ PRGHUDWH GLYHUVLW\ DQG VHQVLWLYLW\ WR
PLFURFOLPDWH OLWWHU GZHOOLQJ DQW FRPPXQLWLHV
IXOILO DOO FULWHULD RI D SRWHQWLDO WD[RQ WR EH XVHG DV
LQGLFDWRUV RI HFRV\VWHP PRGLILFDWLRQV LQ YDULRXV
KDELWDWV .UHPHQ  .UHPHQ HW DO 
/DZWRQHWDO $JRVWLHWDO
,Q DQ DQDO\VLV RI FRPPXQLW\ GLYHUVLW\ RI FRORQLDO
RUJDQLVPV VXFK DV DQWV ZKDW LV WDNHQ LQWR
DFFRXQW LV WKH IUHTXHQF\ RI RFFXUUHQFH RI VSHFLHV
LQ HDFK VDPSOH DQG QRW WKH QXPEHU RI LQGLYLGXDOV
RI HDFK VSHFLHV HQFRXQWHUHG GXULQJ WKH LQYHQWRU\
DV D VLQJOH VDPSOH PD\ FRQWDLQ DQ H[WUHPH
DEXQGDQFH RI D UDUH VSHFLHV 8VDJH RI RFFXUUHQFH
GDWD LQVWHDG RI LQGLYLGXDOEDVHG DQDO\VLV OHDGV WR
WKH VLWXDWLRQ ZKHUH RQO\ RQH VSHFLHV RFFXUUHQFH LV
FRXQWHG LQ D VDPSOH HYHQ ZKHQ WZR FRORQLHV PD\
EH SUHVHQW DQG VRPH LQIRUPDWLRQ RQ DEXQGDQFH LV
ORVW /HSRQFH HW DO  %UKO HW DO 
/RQJLQR 3IHLIIHUHWDO(YHQZLWKD
FRPELQDWLRQ RI SLWIDOO WUDSV DQG :LQNOHU
H[WUDFWRUV ZKLFK LV FRQVLGHUHG DV WKH EHVW PHWKRG
IRU FROOHFWLQJ VRLO DQG OLWWHU GZHOOLQJ DQWV RQO\
 RI WKH WRWDO VSHFLHV SUHVHQW FRXOG EH
FDSWXUHG 'HODELH HW DO  +HQFH HYHQ ZLWK
DOO SUHFDXWLRQV RQH FDQ QRW EH VXUH RI WKH
HIILFLHQF\ RI WKH VDPSOLQJ HIIRUW LQ OLWWHU DQW IDXQDO
LQYHQWRULHV
$QRWKHU GLIILFXOW\ LQ VDPSOLQJ OLWWHU DQWV LV WKDW
OLWWHU IDXQD DUH ORFDOO\ YHU\ QXPHURXV ZLWK D ZLGH
UDQJH RI PRELOLW\ UHTXLULQJ HQRUPRXV VDPSOLQJ
HIIRUWV ZKHUH FRPSOHWH HQXPHUDWLRQ LV QRW
SRVVLEOH DV IDXQD PD\ VKLIW LQ UHODWLRQ WR
PLFURFOLPDWHHQYLURQPHQWDO IDFWRUV %HVWHOPH\HU
 %UXKO HW DO  (OPHV DQG :DUGODZ
 7KLV PD\ OHDG WR YDULDWLRQV LQ HYHQQHVV
DQG DEXQGDQFH RI DQW VSHFLHV LQ VDPSOHV ZLWK
UHJDUG WR HQYLURQPHQWDO IDFWRUV 6LQFH
FRQYHQWLRQDO LQGLFHV RI FRPPXQLW\ GLYHUVLW\ DUH
YHU\ VHQVLWLYH WR GLVSDULWLHV LQ VDPSOLQJ HIIRUW
WKH\ DUH RI OLWWOH YDOXH LQ FRPSDUDWLYH ELRGLYHUVLW\
PHDVXUHV XQOHVV WKH VDPSOLQJ 0HWKRGV VDPSOH
VL]HV DQG KDELWDW W\SHV DUH FDUHIXOO\ FRQWUROOHG
&ODUNH DQG :DUZLFN  ([FHSW DW KLJK OHYHOV
RI GLVWXUEDQFHV VSHFLHV GLYHUVLW\ EDVHG RQ
HYHQQHVV DQG ULFKQHVV GR QRW SURYLGH D UHOLDEOH
PHDVXUH RI LPSRUWDQW FKDQJHV LQ ELRGLYHUVLW\
:DUZLFN DQG &ODUNH  ,Q PRVW FDVHV ZKHQ
FRQYHQWLRQDO LQGLFHV DUH XVHG RQH LV QRW VXUH
ZKHWKHU RU QRW WKH YDULDWLRQV LQ GLYHUVLW\ DULVH
IURP VDPSOLQJ LQDGHTXDF\ :DUZLFN DQG &ODUNH
  5RJHUVHWDO
/LWWOH DWWHQWLRQ KDV EHHQ GHYRWHG WR DQDO\VH WKH
ZD\V LQ ZKLFK KDELWDW PRGLILFDWLRQV DIIHFW
SK\ORJHQHWLF VWUXFWXUH DW ORFDO RU UHJLRQDO VFDOHV
DQG WKH H[WHQW WR ZKLFK SURSHUWLHV RI SK\ORJHQHWLF
VWUXFWXUH FDQ EH XVHG DV PHDVXUHV RI ELRGLYHUVLW\
&ODUNH DQG :DUZLFN  7KH SK\ORJHQHWLF
VWUXFWXUH RI DQ\ DVVHPEODJH LV FOHDUO\ LPSRUWDQW
DQG DQ DVVHPEODJH FRPSULVLQJ D JURXS RI FORVHO\
UHODWHG VSHFLHV PXVW EH UHJDUGHG DV OHVV
µELRGLYHUVH¶ WKDQ DQ DVVHPEODJH RI WKH VDPH
QXPEHU RI PRUH GLVWDQWO\ UHODWHG VSHFLHV IRU
H[DPSOH ZKHQ WKH\ DOO EHORQJ WR GLIIHUHQW SK\OD
&ODUNH DQG :DUZLFN  +HQFH
LQWHUSUHWDWLRQV RI ELRGLYHUVLW\ XVLQJ FRQYHQWLRQDO
HYHQQHVVULFKQHVVEDVHG VSHFLHV GLYHUVLW\
PHDVXUHV DORQH ZRXOG EH RI OLWWOH XVH ,I ZH
FRQWLQXH ZLWK FRQYHQWLRQDO PHDVXUHV RI GLYHUVLW\
IRU PRQLWRULQJ WKH VSDWLDO DQG WHPSRUDO YDULDWLRQV
LQ ELRGLYHUVLW\ FKDQJHV LQ ELRGLYHUVLW\ PD\ JR
XQGHWHFWHG XQWLO YHU\ DGYDQFHG VWDJHV RI
ELRGLYHUVLW\ ORVV DQG HQYLURQPHQWDO GHJUDGDWLRQ
LVUHDFKHG&ODUNHDQG:DUZLFN
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D0DSRI,QGLDVKRZLQJWKHORFDWLRQRIWKH:HVWHUQ*KDWVE:HVWHUQ*KDWVDQGFVWXG\VLWHLQWKH
:\QDGUHJLRQRI:HVWHUQ*KDWV
$PRQJ WKH QXPEHU RI ELRGLYHUVLW\ PHDVXUHV
GHYHORSHG UHFHQWO\ IRXU LQGLFHV EDVHG RQ
WD[RQRPLF UHODWHGQHVV EHWZHHQ WKH VSHFLHV RU
LQGLYLGXDOV :DUZLFN DQG &ODUNH   DQG
 :DUZLFN HW DO  DUH UDWHG DV PRVW
SURPLVLQJ IRU ELRGLYHUVLW\ DVVHVVPHQW )HUDO HW DO
 0DJXUUDQ  7D[RQRPLF
UHODWHGQHVVEDVHG GLYHUVLW\ LQGLFHV DUH UHODWLYHO\
LQVHQVLWLYH WR GLVSDULWLHV LQ VDPSOLQJ HIIRUW DQG
DGGLWLRQDOO\ SURYLGH PRUH LQWXLWLYH LQIRUPDWLRQ
WKDQ FRQYHQWLRQDO µVSHFLHV¶ LQGLFHV :DUZLFN DQG
&ODUNH  :DUZLFN HW DO  3ULFH  ,Q
WKH SUHVHQW VWXG\ ZH DQDO\]HG WKH OLWWHU DQW
DVVHPEODJH SURSHUWLHV RI HYHUJUHHQ GHFLGXRXV
DQG 6KROD HYHUJUHHQ IRUHVWV LQ WKH :D\DQDG
UHJLRQ RI :HVWHUQ *KDWV HPSOR\LQJ FRQYHQWLRQDO
DQG WD[RQRPLF UHODWHGQHVV EDVHG LQGLFHV DQG
UHFRUGHG  KRZ DQW DVVHPEODJH SURSHUWLHV YDU\
LQ UHODWLRQ WR IRUHVW YHJHWDWLRQ W\SH  KRZ
LQWHUSUHWDWLRQV EDVHG RQ WD[RQRPLF GLYHUVLW\
GLIIHU IURP LQWHUSUHWDWLRQV EDVHG RQ VWDQGDUG
GLYHUVLW\ LQGLFHV DQG  WKH SUDFWLFDO XWLOLW\ RI
WD[RQRPLF GLYHUVLW\ EDVHG PHDVXUHV LQ
GHWHUPLQLQJ WKH FRQVHUYDWLRQ YDOXH RI IRUHVW
YHJHWDWLRQVDQGWKHDQWDVVHPEODJHVWKH\VXSSRUW
Methods
Study Site
7KH VWXG\ ZDV FRQGXFWHG LQ WKH HYHUJUHHQ
GHFLGXRXV DQG 6KROD IRUHVW YHJHWDWLRQ W\SHV LQ WKH
:D\DQDG UHJLRQ RI 1LOJLUL ELRVSKHUH LQ .HUDOD
VWDWH LQ :HVWHUQ *KDWV )LJXUH  7KH :HVWHUQ
*KDWV LV D VWULQJ RI ORZO\LQJ PRXQWDLQV DORQJ WKH
ZHVW FRDVW RI WKH ,QGLDQ VXEFRQWLQHQW ULVLQJ IURP
D UHODWLYHO\ QDUURZ VWULS RI FRDVW DW WKH ZHVWHUQ
ERUGHU UHDFKLQJ XS WR D KHLJKW RI  P EHIRUH
WKH\ PHUJH WR WKH HDVW ZLWK WKH 'HFFDQ SODWHDX DW
DQ DOWLWXGH RI ± P %KDWW DQG 0DJXUUDQ
 %LRJHRJUDSKLFDOO\ WKH :D\DQDG UHJLRQ RI
:HVWHUQ *KDWV LV D WUDQVLWLRQDO ]RQH EHWZHHQ WKH
PRLVW IRUHVWV RI WKH VRXWK :HVWHUQ *KDWV DQG WKH
GU\ IRUHVWV RI WKH QRUWKHUQ UHJLRQ KDUERULQJ
KDELWDWUHVWULFWHG HQGHPLF VSHFLHV DV ZHOO DV
GLVMXQFW SRSXODWLRQV RI VSHFLHV WKDW DUH IRXQG LQ
ERWK UHJLRQV 3DVFDO  ::) 
$SSUR[LPDWHO\  VT NP RI WKH RULJLQDO
YHJHWDWLRQ UHPDLQ LQ WKH :D\DQDG UHJLRQ
FRQVLVWLQJ RI GHFLGXRXV HYHUJUHHQ DQG 6KROD
IRUHVWV H[FOXGLQJ WKH &DPHO¶V KXPS PRXQWDLQV
1DLU  'HFLGXRXV DQG 6KROD IRUHVW VWXG\
VLWHV DUH RQ WKH VRXWKHDVWHUQ SDUW DQG WKH
HYHUJUHHQV DUH RQ WKH ZHVWHUQ SDUW RI WKH
:D\DQDG SODWHDX 0RQWDQH WHPSHUDWH HYHUJUHHQ
IRUHVWV ORFDOO\ NQRZQ DV 6KROD IRUHVWV DUH ORFDWHG
LQ WKH XSSHU UHJLRQ P DERYH VHD OHYHO
GHFLGXRXV IRUHVWV DUH ORFDWHG LQ WKH PLG
HOHYDWLRQV  P DERYH VHD OHYHO DW %UDKPDJLUL
DQG ZHW HYHUJUHHQ IRUHVWV DUH ORFDWHG LQ WKH ORZHU
HOHYDWLRQV  P DERYH VHD OHYHO DW
&KDQWKDQDWKRGH LQ WKH QRUWK :D\DQDG :HVWHUQ
*KDWV HFRUHJLRQ  ' 1 ODWLWXGH DQG  ' (
ORQJLWXGH 7HUUDLQ LV HYHQ DW GHFLGXRXV DQG
HYHUJUHHQ IRUHVWV DQG XQGXODWLQJ LQ WKH 6KROD
UHJLRQ 7KH QRUWKHDVW PRQVRRQ IURP 2FWREHU WR
1RYHPEHU VXSSOHPHQWV WKH -XQH WR 6HSWHPEHU
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9RO_$UWLFOH VRXWKZHVW PRQVRRQ LQ WKH HQWLUH UHJLRQ 7KHUH LV
FRQVLGHUDEOH YDULDWLRQ LQ WKH WRWDO DQQXDO UDLQIDOO
UHFHLYHG LQ WKHVH UHJLRQV 7KH GHFLGXRXV IRUHVW
UHJLRQ UHFHLYHV UDLQIDOO RI DURXQG  PP\U
DQG HYHUJUHHQ UHJLRQ UHFHLYHV ± PP RI
UDLQIDOO 5DLQIDOO ILJXUHV IURP WKH 6KROD UHJLRQ DUH
QRWDYDLODEOH
Sampling protocol
$ SUHOLPLQDU\ WUDQVHFW IROORZLQJ WKH VWDQGDUG
µDQWV RI OHDI OLWWHU¶ SURWRFRO $JRVWL HW DO 
ZDV FRQGXFWHG LQ WKH HYHUJUHHQ IRUHVW DW
&KDQWKDQDWKRGH LQ -DQXDU\  $  P ORQJ
OLQH WUDQVHFW SURSRVHG LQ WKH WKLV SURWRFRO ZDV
WUDFHG DW LQWHUYDOV RI  P 7KH OHDI OLWWHU SUHVHQW
LQVLGH D  P TXDGUDW ZDV FROOHFWHG VLIWHG DQG SXW
LQ D EDJ 7KH VLIWHG PDWHULDO ZDV EURXJKW EDFN WR
WKH ILHOG ODERUDWRU\ LQ FROOHFWLQJ EDJV DQG IDXQD
ZDV H[WUDFWHG ZLWK D PLQL:LQNOHU DSSDUDWXV
)LVKHU  %HVWHOPH\HU HW DO  IRU  K
$QWV ZHUH KDQG SLFNHG DQG WUDQVIHUUHG WR ODEHOHG
FRQWDLQHUV RI  DOFRKRO )RU GHFLGXRXV DQG
6KROD IRUHVWV GDWD IURP WKH DQW IDXQDO LQYHQWRULHV
FRQGXFWHG GXULQJ -DQXDU\  XQSXEOLVKHG
REVHUYDWLRQVZHUHXVHG
Species identification
&ROOHFWHG DQW VSHFLHV VDPSOHV ZHUH LGHQWLILHG
SULPDULO\ EDVHG RQ %ROWRQ  DQG )DXQD RI
%ULWLVK ,QGLD %LQJKDP  9RXFKHU
VSHFLPHQV ZHUH WHPSRUDULO\ GHSRVLWHG ZLWK WKH
0XVHXP RI WKH 'HSDUWPHQW RI =RRORJ\ 6W
-RVHSK¶V&ROOHJH&DOLFXW.HUDOD
Data analysis
7KH IUHTXHQF\ RI LQFLGHQFH RI VSHFLHV ZDV XVHG DV
PHDVXUH RI DEXQGDQFH RI OHDIOLWWHU DQWV /HSRQFH
HW DO  %UKO HW DO  /RQJLQR 
3IHLIIHU HW DO  7KH QXPEHU RI LQGLYLGXDOV RI
HDFK VSHFLHV SUHVHQW ZDV QRW UHFRUGHG $ VSHFLHV
SUHVHQW LQ DOO  VDPSOHV ZDV JLYHQ DQ LQFLGHQFH
YDOXH RI  +HQFH WKH DEXQGDQFH GDWD ZDV
QRQTXDQWLWDWLYH LQFLGHQFH GDWD UDWKHU WKDQ
TXDQWLWDWLYH DEXQGDQFH GDWD REWDLQHG IURP WKH
QXPEHUVRILQGLYLGXDOVSUHVHQW
$QW ELRGLYHUVLW\ LQ WKH  IRUHVW YHJHWDWLRQ W\SHV
ZHUH DQDO\VHG ZLWK ERWK µWUDGLWLRQDO¶ LQGLFHV DQG
WD[RQRPLF UHODWHGQHVVEDVHG ELRGLYHUVLW\ LQGLFHV
7KH µWUDGLWLRQDO¶ DOSKD GLYHUVLW\ LQGLFHV ZHUH
QXPEHU RI VSHFLHV 6 6LPSVRQ¶V GLYHUVLW\ LQGH[
' 6LPSVRQ¶V HYHQQHVV LQGH[ ïƪ C 6LPSVRQ
 DQG 6KDQQRQ¶V GLYHUVLW\ LQGH[ +
 XVLQJ
ORJH ZHUH XVHG 6KDQQRQ DQG :HDYHU 
$OWKRXJKWKHUHDUHPDQ\SRVVLEOHLQGLFHVWKDWFDQ
EH XVHG WR GHSLFW GLYHUVLW\ RYHUGHSHQGHQFH RI
WKHVH LQGLFHV RQ VDPSOLQJ HIIRUW LV VWDWHG DV RQH RI
WKH IXQGDPHQWDO GLIILFXOWLHV LQ DOO ILHOGV RI
ELRGLYHUVLW\ DVVHVVPHQW :DUZLFN DQG &ODUNH
 6LPSVRQ¶V LQGH[ LV D QRWDEOH H[FHSWLRQ
PDNLQJ LW RQH RI WKH PRVW PHDQLQJIXO DQG UREXVW
WUDGLWLRQDO GLYHUVLW\ PHDVXUHV DYDLODEOH
0DJXUUDQ  /DQGH  7KH
6KDQQRQ:HDYHU LQGH[ ZDV DOVR GHWHUPLQHG DV LW
LVKDVEHHQZLGHO\XVHGE\HFRORJLVWV
%HWD GLYHUVLW\ ZDV DQDO\VHG XVLQJ WKH %UD\&XUWLV
VLPLODULW\ LQGH[ XVLQJ SUHVHQFHDEVHQFH GDWD
&OXVWHU DQDO\VLV ZDV GRQH IROORZLQJ KLHUDUFKLFDO
DJJORPHUDWLYHFOXVWHULQJ%UD\DQG&XUWLV
7D[RQRPLF GLYHUVLW\ ZDV DQDO\]HG ZLWK 
WD[RQRPLF UHODWHGQHVV EDVHG LQGLFHV DYHUDJH
WD[RQRPLF GLYHUVLW\ Ƌ DYHUDJH WD[RQRPLF
GLVWLQFWQHVV EDVHG RQ DEXQGDQFH GDWD Ƌ
 DYHUDJH
WD[RQRPLF GLVWLQFWQHVV EDVHG RQ LQFLGHQFH GDWD
Ƌ DQG YDULDWLRQ LQ WD[RQRPLF GLVWLQFWQHVV ƒ
&ODUNH DQG :DUZLFN  :DUZLFN et al 
Ƌ DQG Ƌ
DUH SDUDPHWULF PHDVXUHV EDVHG RQ
DEXQGDQFH GDWD DQG Ƌ DQG ƒ DUH
QRQSDUDPHWULF PHDVXUHV EDVHG RQ
SUHVHQFHDEVHQFHGDWD
$ UHJLRQDO PDVWHU OLVW RI OLWWHU DQWV LQ :D\DQDG
ZDV FRPSLOHG XVLQJ WKH GDWD IURP 6DEX 
XQSXEOLVKHG REVHUYDWLRQV DQG WKH SUHVHQW VWXG\
LQ HYHUJUHHQ IRUHVWV $ UDQGRPL]DWLRQ WHVW ZDV
GRQH WR GHWHFW D GLIIHUHQFH LQ WKH DYHUDJH
WD[RQRPLF GLVWLQFWQHVV DQG YDULDWLRQ LQ
WD[RQRPLF GLVWLQFWQHVV IRU DQ\ REVHUYHG VHW RI
VSHFLHV IURP WKH µH[SHFWHG¶ Ƌ DQG ƒ YDOXH
GHULYHG IURP WKH UHJLRQDO PDVWHU VSHFLHV OLVW
&ODUNH DQG :DUZLFN  7KH QXOO H[SHFWDWLRQ
ZDV WKDW WKH VSHFLHV SUHVHQW DW DQ\ RQH SODFH RU
WLPH EHKDYH OLNH D UDQGRP VHOHFWLRQ IURP WKH
UHJLRQDOVSHFLHVVHOHFWLRQSRRO
)LYH WD[RQRPLF OHYHOV QDPHO\ VSHFLHV JHQXV
WULEH VXEIDPLO\ DQG IDPLO\ ZHUH FRQVLGHUHG
%UDQFK OHQJWKV EHWZHHQ WKH WD[RQRPLF FODVVHV
ZHUH GHILQHG IROORZLQJ WKH VWDQGDUGL]DWLRQ
SURSRVHG E\ :DUZLFN DQG &ODUNH  :H
DVVXPHG HTXDO VWHS OHQJWKV EHWZHHQ HDFK
VXFFHVVLYH WD[RQRPLF OHYHO VHWWLQJ WKH SDWK OHQJWK
Ʒ WR  IRU  VSHFLHV FRQQHFWHG DW WKH KLJKHVW
WD[RQRPLFDOO\ FRDUVHVW SRVVLEOH OHYHO 6R WKH
ZHLJKWV DUH Ʒ    VSHFLHV LQ WKH VDPH JHQXV Ʒ
   VDPH WULEH EXW GLIIHUHQW JHQHUD Ʒ   
VDPH VXEIDPLO\ EXW GLIIHUHQW WULEH DQG Ʒ  
VDPHIDPLO\EXWGLIIHUHQWVXEIDPLO\
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 25DQNEDVHGDEXQGDQFHLQFLGHQFHSORWRIWKHOLWWHUDQWFRPPXQLW\LQWKHHYHUJUHHQIRUHVWVLWH
5DQN DEXQGDQFH RI WKH HYHUJUHHQ DQW DVVHPEODJH
ZDV SORWWHG ZLWK LQFLGHQFH RI DQWV DJDLQVW UDQNV
:KLWWDNHU  6LPSVRQ¶V GLYHUVLW\ LQGH[ ZDV
FDOFXODWHG ZLWK (VWLPDWH6  SURJUDP &ROZHOO
 $OO RWKHU GLYHUVLW\ DQDO\VLV ZDV GRQH ZLWK
35,0(5  VRIWZDUH YHUVLRQ  &ODUNH DQG
*RUOH\  9DULDQFHV RI WUDGLWLRQDO GLYHUVLW\
LQGLFHV DQG TXDQWLWDWLYH WD[RQRPLF GLYHUVLW\
LQGLFHV Ƌ DQG ƒ ZHUH FRPSXWHG XVLQJ 3$67 YHU
 +DPPHU HW DO  9DULDQFHV RI
TXDOLWDWLYH WD[RQRPLF GLYHUVLW\ LQGLFHV YDOXHV Ƌ
DQG ƒ ZLWK UHVSHFW WR WKH PDVWHU OLVW YDOXHV ZHUH
HVWLPDWHG E\ GUDZLQJ  FRQILGHQFH IXQQHOV
XVLQJ 35,0(5 SDFNDJH &ODUNH DQG *RUOH\
 $QDO\VLV LV VXPPDUL]HG E\ GLPHQVLRQDO
Ƌ ƒ SORWV SODFLQJ WKH UHDO Ƌ DQG ƒ SDLUV LQ
FRQWH[W RI  SUREDELOLW\ HQYHORSHV IURP
VLPXODWHG VDPSOHV RI FRPSDUDEOH VL]HV GUDZQ
IURP WKH PDVWHU OLVW RI OLWWHU DQW DVVHPEODJH IURP
:D\DQDG IRUHVWV 'DWD SRLQWV RXWVLGH WKH UHOHYDQW
 FRQWRXU RU HOOLSVH SORWV LPSO\ VWDWLVWLFDO
HYLGHQFH RI µGHSDUWXUH IURP H[SHFWDWLRQ¶ IRU WKRVH
VWXGLHV&ODUNHDQG:DUZLFN
Results
 DQW VSHFLHV IURP  JHQHUD  WULEHV DQG 
VXEIDPLOLHV ZHUH IRXQG LQ WKH HYHUJUHHQ IRUHVW
VWXG\ VLWH )LJXUH  Tapinoma sp ZDV WKH
GRPLQDQW VSHFLHV 7KH )RUPLFLQDH ZDV WKH PRVW
KLJKO\ VSHFLRVH VXEIDPLO\ LQ HYHUJUHHQ IRUHVWV
)LJXUH E 7ZR )RUPLFLQDH WULEHV /DJLQLL DQG
3ODJLROHSLGLQL ZHUH UHSRUWHG RQO\ IURP HYHUJUHHQ
IRUHVWV 'RU\OLQDH DQG $HQLFWLQDH VXEIDPLOLHV
ZHUH QRW IRXQG LQ HYHUJUHHQ IRUHVWV $HQLFWLQDH
ZHUH SUHVHQW RQO\ LQ GHFLGXRXV IRUHVWV )LJXUH
G 3RQHULQDH ZHUH OHVV VSHFLRVH LQ 6KROD IRUHVWV
LQ FRPSDULVRQ WR WKHLU KLJK VSHFLRVLW\ LQ
HYHUJUHHQ DQG GHFLGXRXV IRUHVWV )LJXUH 
Camponotus ZDV WKH PRVW VSHFLRVH JHQXV LQ
HYHUJUHHQ DQG 6KROD IRUHVWV ZKLOH WKH JHQXV
Myrmicaria ZDV PRVW VSHFLRVH LQ GHFLGXRXV
IRUHVWV)LJXUH
&RQYHQWLRQDO GLYHUVLW\ LQGLFHV SURYLGHG
FRQWUDVWLQJ 5HVXOWV ZKHUHDV WKH SDUDPHWULF
WD[RQRPLF GLYHUVLW\ LQGLFHV SURYLGHG D XQLIRUP
SDWWHUQ7DEOH 6KDQQRQ¶VGLYHUVLW\LQGH[ +¶
Table 1&RQYHQWLRQDODQGWD[RQRPLFGLYHUVLW\LQGLFHVRIWKHIRUHVWOLWWHUDQWDVVHPEODJHVDQGWKHLUYDULDQFHVLQ
WKUHHPDMRUIRUHVWYHJHWDWLRQW\SHVLQWKH:\QDGUHJLRQRI:HVWHUQ*KDWV
Forest Types ^
Alpha diversity indices Evergren forest Deciduous forest Shola forest Levels of significance
Parametric diversity indices
7RWDO6SHFLHV6 ± ± ± !

6KDQQRQ
VGLYHUVLW\LQGH[+
 ± ± ± !

6LPSVRQ
VGLYHUVLW\LQGH[' ± ± ± !

6LPSVRQ
VHYHQQHVVLQGH[ïƪ
 ± ± ± !

$YHUDJHWD[RQRPLFGLYHUVLW\Ƌ   
$YHUDJHWD[RQRPLFGLVWLQFWQHVVƋ
   
Non parametric diversity indices
$YHUDJHWD[RQRPLFGLVWLQFWQHVVƋ    !
9DULDWLRQLQWD[RQRPLFGLVWLQFWQHVVƒ    !

6LJQLILFDQFHOHYHORIWUDGLWLRQDOGLYHUVLW\LQGLFHVEHWZHHQVDPSOHVRIDQWDVVHPEODJHVRIIRUHVWW\SHV
6LJQLILFDQFHOHYHORIYDULDQFHRIƋDQGƒRIDQWDVVHPEODJHVRIWKUHHIRUHVWW\SHVZLWKUHVSHFWWRUHJLRQDO
PDVWHUOLVWYDOXHV
A9DOXHVLQSDUDQWKHVHVVKRZWKHUDQJH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 37D[RQRPLFSK\ORJHQHWLFUHODWLRQVKLSVRIWKHOLWWHUDQWFRPPXQLW\LQWKH:D\DQDGIRUHVWVD
PDVWHUOLVWEHYHUJUHHQF6KRODGGHFLGXRXVIRUHVWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH (b) Evergreen
(c) Shola
(d) Deciduous
Figure 37D[RQRPLFSK\ORJHQHWLFUHODWLRQVKLSVRIWKHOLWWHUDQWFRPPXQLW\LQWKH:D\DQDGIRUHVWVD
PDVWHUOLVWEHYHUJUHHQF6KRODGGHFLGXRXVIRUHVWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4'HQGURJUDPEDVHGRQKLHUDUFKLFDODJJORPHUDWLYHFOXVWHULQJJURXSDYHUDJHOLQNLQJRIOLWWHUDQWIDXQDO
DVVHPEODJHVLQIRUHVWYHJHWDWLRQW\SHVRI:\QDG
UHFRUGHG KLJK DQG HTXDO GLYHUVLW\ LQ ERWK
HYHUJUHHQ DQG 6KROD IRUHVWV EXW 6LPSVRQ¶V
GLYHUVLW\ LQGH[ ' UHFRUGHG KLJKHU GLYHUVLW\ LQ
6KROD IRUHVWV 6LPSVRQ¶V HYHQQHVV VKRZHG KLJK
DQG HTXDO HYHQQHVV DW DOO VLWHV %RWK SDUDPHWULF
WD[RQRPLF GLYHUVLW\ LQGLFHV Ƌ DQG Ƌ
 UHFRUGHG
KLJK GLYHUVLW\ LQ HYHUJUHHQ OLWWHU KDELWDWV DQG
ORZHVW GLYHUVLW\ LQ 6KROD IRUHVW 1RQSDUDPHWULF
WD[RQRPLF GLYHUVLW\ LQGLFHV Ƌ DQG ƒ VKRZHG
LGHQWLFDO Ƌ YDOXHV DQG GLVVLPLODU ƒ YDOXHV IRU
WKH  DQW DVVHPEODJHV 9DULDWLRQ LQ WD[RQRPLF
GLVWLQFWQHVV ƒ ZDV KLJKHVW LQ 6KROD IRUHVWV DQG
ORZHVW LQ GHFLGXRXV IRUHVWV 7DEOH 7KH %UD\
&XUWLV VLPLODULW\ FRHIILFLHQW VKRZHG KLJK
VLPLODULW\ EHWZHHQ WKH UHJLRQDO PDVWHU OLVW DQG
GHFLGXRXV DQW DVVHPEODJHV DQG EHWZHHQ
GHFLGXRXV DQG HYHUJUHHQ DVVHPEODJHV 7KH
GLVWLQFW GLVVLPLODULW\ RI WKH DQW DVVHPEODJHV LQ
6KROD IRUHVWV IURP RWKHU IRUHVWV DQG WKH UHJLRQDO
OLWWHU DQW SRRO LV REYLRXV LQ WKH GHQGURJUDP
)LJXUH  7KH GHFLGXRXV IRUHVW KDV WKH KLJKHVW
DQG 6KROD KDV WKH ORZHVW QXPEHU RI
UHSUHVHQWDWLYH VSHFLHV LQ FRPPRQ ZLWK WKH
:D\DQDGUHJLRQDOVSHFLHVOLVWRIOLWWHUDQWV
&RPSDUDWLYH DQDO\VLV RI WKH DQW VSHFLHV OLVW DQG
WD[RQRPLF VWUXFWXUH RI WKH DVVHPEODJHV SURYLGHG
WKH IROORZLQJ GHWDLOV )LJXUH   VSHFLHV IURP 
JHQHUD DQG  WULEHV EHORQJLQJ WR VL[ VXEIDPLOLHV
ZHUH UHFRUGHG IURP :D\DQDG IRUHVWV  DQW
VSHFLHV EHORQJLQJ WR  JHQHUD  WULEHV DQG 
VXEIDPLOLHV ZHUH SUHVHQW LQ GHFLGXRXV IRUHVW DQG
 VSHFLHV IURP  JHQHUD  WULEHV DQG 
VXEIDPLOLHVLQWKH 6KROD IRUHVW VSHFLHV ZHUH
Figure 50HDVXUHGYDOXHVRIƒ RIOLWWHUDQW
DVVHPEODJHVLQ:D\DQDGIRUHVWVSORWWHGDJDLQVWWKH
QXPEHURIVSHFLHVDVSRLQWVRQWKHVLPXODWHG
FRQILGHQFHIXQQHOGDVKHGOLQHVEDVHGRQUDQGRP
VHOHFWLRQVIURPWKHWRWDO:D\DQDGVSHFLHVOLVWDQG
WKHRUHWLFDOFRQILGHQFHIXQQHOFRQWLQXRXVOLQH
EDVHGRQYDULDQFHIRUPXOD6K±6KROD(Y±
HYHUJUHHQ'IGHFLGXRXVIRUHVWV
Figure 60HDVXUHGYDOXHVRIƋ RIOLWWHUDQW
DVVHPEODJHVLQ:D\DQDGIRUHVWVSORWWHGDJDLQVWWKH
QXPEHURIVSHFLHVDVSRLQWVRQWKHVLPXODWHG
FRQILGHQFHIXQQHOGDVKHGOLQHVEDVHGRQUDQGRP
VHOHFWLRQVIURPWKHWRWDO:\QDGVSHFLHVOLVWDQG
WKHRUHWLFDOFRQILGHQFHIXQQHOFRQWLQXRXVOLQH
EDVHGRQYDULDQFHIRUPXOD6K±6KROD(YHYHUJUHHQ
'IGHFLGXRXVIRUHVWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 7%LYDULDWHSORWVVKRZLQJSUREDELOLW\HQYHORSHVRIYDULDWLRQLQWD[RQRPLFGLVWLQFWQHVVDQGDYHUDJH
WD[RQRPLFGLVWLQFWQHVVEDVHGRQDUHJLRQDOPDVWHUDQWVSHFLHVOLVW2EVHUYHGQXPEHURIVSHFLHVLQSDUHQWKHVLV
6XEOLVWVRIVL]HDQGDUHVLPXODWHGVSDQQLQJWKHREVHUYHGUDQJHRIOLVWVL]HVIRUDQWDVVHPEODJHV6K6KROD
(YHYHUJUHHQ'IGHFLGXRXVIRUHVWV
FRPPRQ WR DOO WKUHH VLWHV  ZHUH VSHFLILF WR
HYHUJUHHQ IRUHVW  WR GHFLGXRXV IRUHVW DQG  WR
6KRODIRUHVW
9DOXHV RI ERWK DYHUDJH WD[RQRPLF GLVWLQFWQHVV Ƌ
DQG YDULDWLRQ LQ WKH WD[RQRPLF GLVWLQFWQHVV ƒ IRU
DQW VSHFLHV IURP DOO IRUHVW YHJHWDWLRQ W\SHV IHOO
ZLWKLQ WKH  OLPLWV RI SUREDELOLW\ RI IXQQHO IRU
WKH DSSURSULDWH QXPEHUV RI VSHFLHV UDQGRPO\
GUDZQ IURP WKH UHJLRQDO VSHFLHV SRRO HDFK EDVHG
RQ  UDQGRP VHOHFWLRQ )LJXUHV  DQG 
)LWWHG  SUREDELOLW\ FRQWRXUV RI WKH MRLQW Ƌ
DQG ƒ GLVWULEXWLRQV DQG WKH UHVXOWDQW HOOLSVH SORW
VKRZHG WKDW DOO WKH UHDO SRLQWV IHOO ZLWKLQ WKH
FRQWRXU VKRZLQJ QR VLJQLILFDQW YDULDWLRQ LQ WKH
WD[RQRPLF VWUXFWXUH RI WKH  DQW DVVHPEODJHV
IURPWKHUHJLRQDOPDVWHUOLVW)LJXUH
Discussion
7D[RQRPLF HYHQQHVV SURSHUWLHV RI OLWWHU DQW
DVVHPEODJHV LQ WKH  IRUHVW YHJHWDWLRQV ZLWKLQ
VDPH JHRJUDSKLFDO UHJLRQ YDULHG FRQVLGHUDEO\
7KLV YDULDWLRQ ZDV OLQNHG WR OLWWHU SK\VLFDO
FRQGLWLRQV FKDUDFWHULVWLF RI WKH UHVSHFWLYH IRUHVW
YHJHWDWLRQ W\SH 7UDGLWLRQDO GLYHUVLW\ LQGLFHV
ZKLFK GR QRW FRQVLGHU WKH UHODWHGQHVV EHWZHHQ
VSHFLHV DQG ZLWK WKHLU RYHUGHSHQGHQFH RQ
QXPHULFDO SURSHUWLHV RI DVVHPEODJHV ODFN WKH
FDSDFLW\ WR OLQN GLYHUVLW\ YDOXHV ZLWK KDELWDW
FRQGLWLRQV 7KH SUHVHQW VWXG\ VKRZV WKDW WKH
QRQSDUDPHWULF WD[RQRPLF GLYHUVLW\ PHDVXUH ƒ
SURYLGHV D PRUH PHDQLQJIXO DVVHVVPHQW RI WKH
GLYHUVLW\ RI DQW DVVHPEODJHV E\ XVLQJ WKH
WD[RQRPLF UHODWHGQHVV SURSHUWLHV RI DQW
DVVHPEODJHV ZLWK D SK\ORJHQHWLF DSSURDFK 7KXV
ƒ LV DEOH WR UHODWH WKH UHVXOWLQJ SDWWHUQ ZLWK
KDELWDW HFRORJLFDO FRQGLWLRQV WKDW LV QRW SRVVLEOH
ZLWK FRQYHQWLRQDO GLYHUVLW\ LQGLFHV ,Q DGGLWLRQ
ƒ KDV SURYHG WR EH D PRUH GHSHQGDEOH GLYHUVLW\
LQGH[ WKDQ Ƌ DV WKH ODWWHU GRHV QRW FRQVLGHU WKH
YDULDWLRQ LQ WKH HYHQQHVV LQ WD[RQRPLF
GLVWULEXWLRQ $QW DVVHPEODJHV LQ GHFLGXRXV IRUHVWV
ZLWK ZDUP DQG GU\ OLWWHU KDELWDW FRQGLWLRQV WKDW
DUH PRUH FRQGXFLYH IRU IRUDJLQJ DFWLYLWLHV RI OLWWHU
DQWV UHVXOWHG LQ KLJK HYHQQHVV ORZ ƒ ZKLOH
DVVHPEODJHV LQ WKH FROG ZHWPRLVW OLWWHU IORRU LQ
6KROD IRUHVWV ZLWK OHVV IDYRUDEOH FRQGLWLRQV %UKO
HW DO  6DPVRQ HW DO  2OVRQ 
UHFRUGHG ORZ HYHQQHVV LQ WD[RQRPLF GLVWULEXWLRQ
KLJK ƒ +LJK GLYHUVLW\ LQ HYHUJUHHQ IRUHVWV
LQGLFDWHG E\ ERWK SDUDPHWULF WD[RQRPLF GLYHUVLW\
PHDVXUHV Ƌ DQG Ƌ
 DUH PRUH DSSURSULDWH WKDQ
WKH FRQWUDVWLQJ WUHQGV VKRZQ E\ WKH ULFKQHVV DQG
HYHQQHVV EDVHG FRQYHQWLRQDO LQGLFHV LQ HYHUJUHHQ
DQG 6KROD IRUHVWV DV WKH FRQYHQWLRQDO
TXDQWLWDWLYH WD[RQRPLF GLYHUVLW\ LQGLFHV FRQVLGHU
WD[RQRPLF UHODWHGQHVV SURSHUWLHV DORQJ ZLWK
ULFKQHVVDQGHYHQQHVV
7KH DEXQGDQFH RI Tapinoma sp LQ WKH OLWWHU IORRU
RI DOO IRUHVW YHJHWDWLRQ W\SHV LQ ERWK ZHW DQG GU\
KDELWDWV VXJJHVWV WKDW WKH\ DUH WKH EHVW DGDSWHG
DQW WD[RQ LQ WKH :D\DQDG UHJLRQ 7KLV
REVHUYDWLRQ LV LQ DFFRUGDQFH ZLWK HDUOLHU UHSRUW RI
WKLV WD[RQ DV WKH FRPPRQ JURXS LQ WKH UHJLRQ
LUUHVSHFWLYH RI WKH YHJHWDWLRQ W\SHV LQ :D\DQDG
IRUHVWV 6DEX  7KH SUHVHQFH RI WZR ZHW
UDLQIRUHVWV SUHIHUULQJ JHQHUD Acropyga sp DQG
Paratrechina sp 6KDWWRFN DQG %DUQHWW 
ZKLFK ZHUH H[FOXVLYHO\ IRXQG LQ WKH HYHUJUHHQ
IRUHVW VLWH LV LQGLFDWLYH RI WKH LQIOXHQFH RI OLWWHU
KDELWDW FRQGLWLRQV LQ GHWHUPLQLQJ WKH KDELWDW
SUHIHUHQFH RI DQWV /RZ QXPEHUV RI WUXH OLWWHU DQWV
3RQHULQDH LQ 6KROD IRUHVWV LV DWWULEXWHG WR WKHLU
ORZ SUHIHUHQFH IRU FROG PRLVW KDELWDWV %UKO HW DO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  &RQYHQWLRQDO DQG WKH SDUDPHWULF
WD[RQRPLF UHODWHGQHVV EDVHG GLYHUVLW\ LQGLFHV Ƌ
Ƌ
 SUHVHQWHG FRQWUDVWLQJ LQIRUPDWLRQ DERXW WKH
GLYHUVLW\ RI OLWWHU DQW DVVHPEODJHV LQ  IRUHVW
W\SHV7KLV GLIIHUHQFH DULVHV EHFDXVH WKHUH LV QR
VLQJOH XQLYHUVDOO\ DSSOLFDEOH LQGH[ LQFRUSRUDWLQJ
DOO WKH HVVHQWLDO HOHPHQWV RI DQ LGHDO ELRGLYHUVLW\
LQGH[ 0DUJXOHV DQG 3UHVVH\  $Q LGHDO
LQGH[ VKRXOG EH WKH WKH VXP RI WD[RQRPLF
QXPHULFDO HFRORJLFDO JHQHWLF KLVWRULFDO DQG
SK\ORJHQHWLF GLYHUVLW\ DQG WKH VWURQJHU WKH
LQWHUFRUUHODWLRQV DPRQJ WKHVH GLIIHUHQW GLYHUVLW\
PHDVXUHV WKH PRUH UREXVW VXFK DQ DSSURDFK
ZRXOG EH 9DQ GHU VSRHO  3XUYLV DQG +HFWHU
 /DFN RI VXFK DQ LGHDO LQGH[ RIWHQ OHDGV WR
FRQWUDVWLQJ LQWHUSUHWDWLRQV DQG SULRULWLVDWLRQ RI
DVVHPEODJHV DQG KDELWDWV DV DVVHPEODJHV DQG
KDELWDWV LGHQWLILHG DV KLJKO\ GLYHUVH E\ RQH LQGH[
PD\ EHFRPH OHVV GLYHUVH ZKHQ PHDVXUHG E\
DQRWKHU LQGH[ 3ULFH  6LQFH WD[RQRPLF
UHODWHGQHVV EDVHG SDUDPHWULF PHDVXUHV Ƌ Ƌ

LQFOXGH PRUH RI WKH HVVHQWLDO UHTXLUHPHQWV RI DQ
LGHDO ELRGLYHUVLW\ LQGH[ ZH FRQVLGHU WKH KLJK
GLYHUVLW\ LQGLFDWHG E\ Ƌ DQG Ƌ
 LQ HYHUJUHHQ
IRUHVWV PRUH DSSURSULDWH WKDQ WKH FRQWUDVWLQJ
WUHQGVVKRZQE\FRQYHQWLRQDOGLYHUVLW\LQGLFHV
6LPLODU Ƌ YDOXHV IRU WKH  DVVHPEODJHV LQGLFDWHV
WKDW DOO KDYH VLPLODU DVVHPEODJH SURSHUWLHV DQG
DUH LQ D ODWH VWDJH RI VXFFHVVLRQ FRQVLVWLQJ RI
VSHFLHV EHORQJLQJ WR D ZLGH UDQJH RI SK\OD %XW D
FORVHU ORRN DW WKHLU SK\ORJHQHWLF VWUXFWXUH VKRZV
WKDW Ƌ GLG QRW FRQVLGHU WKH YDULDWLRQ LQ WKH
HYHQQHVV RI WD[RQRPLF VSHFLHV GLVWULEXWLRQ WKDW
UHVXOWHG LQ FORVHU Ƌ YDOXHV IRU DOO WKH 
DVVHPEODJHV &ORVHU YDOXHV DULVHV EHFDXVH WKRXJK
Ƌ LV HIIHFWLYH LQ FRQWUDVWLQJ VLWXDWLRQV ZLWK D
UHVWULFWHG QXPEHU RI KLJKHU WD[D WKH SUHVHQFH RI
PDQ\ VSHFLRVH JHQHUD WHQG WR VDWXUDWH Ƌ OHDGLQJ
WR FORVHU YDOXHV ,]VDN DQG 3ULFH  %\
WUXQFDWLQJ WKH SK\ORJHQHWLF WUHH DQG DQDO\]LQJ WKH
YDULDWLRQV LQ Ƌ ZH REVHUYHG WKDW WKH SUHVHQFH RI
 VXEIDPLOLHV DQG RQH VXEIDPLO\ $HQLFWLQDH
VSHFLILF WR GHFLGXRXV IRUHVWV UDLVHG Ƌ LQ
GHFLGXRXV IRUHVWV %XW WKH SUHVHQFH RI WZR
VSHFLRVH VXEIDPLOLHV 0\UPLFLQDH DQG 3RQHULQDH
QHJDWHG WKH DGYDQWDJHV UHVXOWLQJ LQ ORZ Ƌ
6LPLODUO\ WKH SUHVHQFH RI WZR WULEHV UHSRUWHG RQO\
IURP HYHUJUHHQ IRUHVWV /DVLLQL DQG
3ODJLROHSLGLQL UDLVHG Ƌ LQ HYHUJUHHQ IRUHVWV EXW
WKH SUHVHQFH RI D KLJKO\ VSHFLRVH JHQXV
Camponotus DQG DEVHQFH RI  VXEIDPLOLHV
$HQLFWLQDH DQG 'RU\OLQDH QHJDWHG WKHVH
DGYDQWDJHV +HQFH WKH  DVVHPEODJHV KDYH FORVHU
Ƌ YDOXHV &ODUNH DQG :DUZLFN  PHQWLRQHG
WKH LQDELOLW\ RI Ƌ WR UHFRJQLVH WKH YDULDWLRQV LQ
WD[RQRPLF HYHQQHVV DV LWV PDMRU GUDZEDFN LQ
FHUWDLQ HVWLPDWLRQV DQG UHFRPPHQGHG WKH XVH RI
ƒ ZKLFK FRQVLGHUV WKH YDULDWLRQ LQ WKH HYHQQHVV
RIWD[RQRPLFGLVWULEXWLRQRIWKHDVVHPEODJH
&ORVHU ƒ YDOXHV LQ HYHUJUHHQ DQG 6KROD
HYHUJUHHQ IRUHVWV LQ FRPSDULVRQ WR WKH UHJLRQDO
DQW SRRO LQGLFDWH VLPLODULW\ LQ WKH WD[RQRPLF
VWUXFWXUH RI OLWWHU DQW DVVHPEODJHV LQ HFRORJLFDOO\
PRUH VLPLODU ZHW HYHUJUHHQ DQG 6KROD HYHUJUHHQ
IRUHVWV ,W LV DQ LQVWDQFH RI VLPLODU /LQQDHDQ
WD[RQRPLF WUHH VWUXFWXUH LQ HFRORJLFDOO\ VLPLODU
KDELWDWV :DUZLFN HW DO  &RQWUDVWLQJO\ WKH
FRQYHQWLRQDO EHWD VLPLODULW\ LQGH[ %UD\ &XUWLV
GHWHFWHG KLJKHU VLPLODULWLHV EHWZHHQ WKH DQW
DVVHPEODJHV RI HFRORJLFDOO\ GLVVLPLODU GHFLGXRXV
DQGHYHUJUHHQIRUHVWV
ƒ LV SDUWLFXODUO\ UHOHYDQW LQ FRQGLWLRQV RI ODUJHU
VSDWLDO VFDOHV VXFK DV IRUHVW ELRPHV ZKHUH KDELWDW
KHWHURJHQHLW\ LV OLNHO\ WR LQIOXHQFH IDXQDO GLYHUVLW\
SDWWHUQV +LJK ƒ DQG ORZHU WD[RQRPLF VSUHDG LV
D IHDWXUH RI GHJUDGHG HQYLURQPHQWV :DUZLFN HW
DO  &ODUNH DQG :DUZLFN  )RU DOO
JURXSV RI RUJDQLVPV VSHFLILF WD[D DWWDLQ WKHLU
KLJKHVW GLYHUVLW\ LQ SDUWLFXODU KDELWDWV EXW LI
FHUWDLQ KDELWDW W\SHV DUH DEVHQW IURP DQ DUHD WKHQ
VRPH JURXSV RI VSHFLHV EHFRPH XQGHU UHSUHVHQWHG
DQG RWKHUV EHFRPH RYHU UHSUHVHQWHG FRPSDUHG
ZLWK WKH UHJLRQDO SLFWXUH :DUZLFN DQG &ODUNH
 1RUPDOO\ WKH VSHFLHV LQ GLVWXUEHG
HQYLURQPHQWV ZRXOG EH RI D FORVHO\ UHODWHG
DVVHPEODJH ZLWK VLPLODU KDELWDW UHTXLUHPHQWV DQG
WKLV ZRXOG QRUPDOO\ EH PDQLIHVWHG DV D GHFUHDVH
LQ Ƌ DQG ULVH LQ ƒ YDOXHV %XW LQ VRPH FDVHV DV
REVHUYHG ZLWK 6KROD DQG HYHUJUHHQ DQW
DVVHPEODJHV WKH Ƌ IDLOHG WR GLIIHUHQWLDWH WKH
WD[RQRPLF UHODWLRQVKLS RI FORVHO\ UHODWHG
DVVHPEODJHV DQG UHPDLQHG VWDEOH EXW ƒ URVH
&ODUNH DQG :DUZLFN  7KH ORZHU ƒ IRU
GHFLGXRXV IRUHVWV VKRZV WKDW DPRQJ WKH  IRUHVW
YHJHWDWLRQV WKH DQW DVVHPEODJHV LQ GHFLGXRXV
IRUHVWV KDG WKH KLJKHVW HYHQQHVV LQ GLVWULEXWLRQ RI
WD[D DFURVV WKH WD[RQRPLF WUHH LQGLFDWLQJ D VWDEOH
GLVWULEXWLRQ DQG D PRUH GLYHUVH DVVHPEODJH LQ WKH
UHJLRQ $OWKRXJK KLJK ƒ DQG KHQFH ORZHU
WD[RQRPLF VSUHDG LQ 6KROD DQG HYHUJUHHQ IRUHVWV
LQGLFDWHV WKH SUHVHQFH RI D SK\ORJHQHWLFDOO\
FORVHO\ UHODWHG DQW DVVHPEODJHV ZLWK VLPLODU
HFRORJLFDO DGDSWDWLRQV WR VXUYLYH LQ D ZHWPRLVW
OLWWHU WKDW LV OHVV FRQGXFLYH IRU OLWWHU DQWV LW VKRXOG
QRWEHFRQVLGHUHG DV DQ LQGLFDWLRQRI KDELWDW
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GHJUDGDWLRQ DV ERWK WKH HYHUJUHHQ DQG 6KROD
IRUHVWV DUH ZHOO SURWHFWHG XQGLVWXUEHG PDWXUH
IRUHVWV1DLU
/LWWHU DQW DVVHPEODJHV RI 6KROD DQG HYHUJUHHQ
IRUHVWV FRQVLVW SUHGRPLQDQWO\ RI IXQFWLRQDO JXLOGV
DGDSWHG WR H[LVW LQ ZHWPRLVW OLWWHU KDELWDWV
XQSXEOLVKHG REVHUYDWLRQV 6LPLODU HFRORJLFDO
FRQGLWLRQV QDPHO\ ZHW FRQGLWLRQV DW 6KROD DQG
HYHUJUHHQ IRUHVWV 6DEX  DQG XQSXEOLVKHG
REVHUYDWLRQV UHVXOW LQ WKH SUHVHQFH RI DQWV IURP
FORVHO\ UHODWHG WD[RQRPLF JURXSV LQ ZKLFK DOO
JHQHUD ZRXOG EH UHODWLYHO\ PRUH VSHFLHV ULFK IRU
H[DPSOH WKH JHQXV Camponotus ZLWK  VSHFLHV LQ
6KROD  VSHFLHV LQ HYHUJUHHQ DQG RQO\  LQ
GHFLGXRXV FRPSDUHG WR  LQ WKH :D\DQDG UHJLRQ
OHDGLQJ WR KLJK XQHYHQQHVV LQ WKH GLVWULEXWLRQ RI
WD[D :DUZLFN DQG &ODUNH  UHSRUWHG WKH
VDPH VLWXDWLRQ LQ DUHDV ZKHUH FHUWDLQ KDELWDWV
ZHUH DEVHQW LH ORZ KDELWDW GLYHUVLW\ VR WKDW WD[D
QRUPDOO\ IRXQG LQ WKHVH PLVVLQJ KDELWDWV ZHUH
DEVHQW OHDGLQJ WR KLJKHU ƒ YDOXHV WKDQ LQ
VLWXDWLRQV ZLWK WKH IXOO UDQJH RI KDELWDW W\SHV
7D[RQRPLFDOO\ FORVHO\ UHODWHG DQW DVVHPEODJHV LQ
WKH 6KROD DQG HYHUJUHHQ IRUHVW IORRUV HYHQ ZLWK
ORZ HYHQQHVV YDOXHV GHPDQG WKH KLJKHVW
FRQVHUYDWLRQ DWWHQWLRQ GXH WR WKHLU DGDSWHGQHVV WR
VXUYLYH LQ WKH OHDVW IDYRUDEOH ZHWPRLVW OLWWHU IORRU
RI WKH IHZ UHPDLQLQJ HYHUJUHHQ IRUHVWV LQ WKH
:D\DQG UHJLRQ 1DLU  ::) 7KH
SUHVHQFH RI UDUH Acropyga VSHFLHV UHSRUWHG
H[FOXVLYHO\ IURP WKH PRLVW HYHUJUHHQ IRUHVWV LV D
WHVWLPRQ\ WR WKLV REVHUYDWLRQ 7KH KLJK HYHQQHVV
RI WKH DQW DVVHPEODJHV LQ WKH GHFLGXRXV IRUHVWV LV
OLQNHG WR WKH HVWDEOLVKPHQW RI D WD[RQRPLFDOO\
ZHOOVSUHDG DQW DVVHPEODJH IDFLOLWDWHG E\ WKH
SUHVHQVH RI RSHQ DQG GU\ OLWWHU KDELWDWV FRQGXFLYH
IRU OLWWHU DQWV %UKO  2OVRQ 
XQSXEOLVKHGREVHUYDWLRQV
7KH Ƌ DQG ƒ YDOXHV RI QRQH RI WKH DQW
DVVHPEODJHV ZHUH RXWVLGH WKH H[SHFWDWLRQ DV WKHLU
YDOXHV GLG QRW IDOO EHORZ WKH  OLPLW RI WKH
VLPXODWHG GLVWULEXWLRQ LQGLFDWLQJ WKDW QRQH RI WKH
DVVHPEODJHV DUH ZLWK ORZ WD[RQRPLF GLVWLQFWQHVV
LQ FRPSDULVRQ WR WKH UHJLRQDO SRRO $OWKRXJK WKH
%UD\ &XUWLV VLPLODULW\ FRHIILFLHQW FRXOG PHDVXUH
WKH VLPLODULW\ RI WKH DQW DVVHPEODJHV EHWZHHQ
KDELWDWV EDVHG RQ WKH VKDUHG DQG QRQVKDUHG
VSHFLHV LW ZDV XQDEOH WR UHODWH WKH UHVXOWLQJ
SDWWHUQ ZLWK KDELWDW HFRORJLFDO FRQGLWLRQV DQG
SURYLGH PHDQLQJIXO LQWHUSUHWDWLRQV 0XOWLYDULDWH
PHDVXUHV VXFK DV 0'6 DUH FRQVLGHUHG WKH PRVW
VHQVLWLYH PHDVXUH LQ WHUPV RI GHWHFWLQJ FKDQJHV LQ
FRPPXQLW\VWUXFWXUH FRPSDUHG WR XQLYDULDWH
ELRGLYHUVLW\ PHDVXUHV EXW WKH\ GR QRW LQGLFDWH
GHOHWHULRXV FKDQJHV WKDW DUH XVXDOO\ DFKLHYHG E\
OLQNLQJ FRPPXQLW\ VWUXFWXUH WR XQLYDULDWH
HQYLURQPHQWDO PHDVXUHV &ODUNH DQG :DUZLFN

7KLV VWXG\ VXSSRUWV WKH YLHZ RI 0DJXUUDQ 
DQG :DUZLFN DQG &ODUNH  WKDW Ƌ DQG ƒ
ZLWK WKHLU DSSHDOLQJ VDPSOLQJ SURSHUWLHV
QRQGHSHQGHQFH RQ TXDQWLWDWLYH GDWD DQG WKHLU
FRQVLGHUDWLRQ RI WKH UHODWHGQHVV RI WKH VSHFLHV
SUHVHQW DUH RI JUHDW SUDFWLFDO XWLOLW\ LQ GLYHUVLW\
DQDO\VLV 7KH QRQGHSHQGHQFH RQ TXDQWLWDWLYH
GDWD DQG LQWXLWLYH FDSDFLWLHV RI WKHVH LQGLFHV WR
UHODWH WR OLWWHU KDELWDW FRQGLWLRQV LV RI JUHDW
VLJQLILFDQFH LQ OLWWHU DQW GLYHUVLW\ DQDO\VLV ,W LV
QHFHVVDU\ WR UHWKLQN WKH FRQWLQXHG XVDJH RI
FRQYHQWLRQDO HYHQQHVV DQG ULFKQHVV EDVHG DORQH
LQ ELRGLYHUVLW\ DVVHVVPHQWV LQ YLHZ RI WKH
REVHUYDWLRQV RI +DUSHU DQG +DZNVZRUWK 
RQ WKH UROH RI ELRGLYHUVLW\ LQGLFHV $ PHDVXUH RI
ELRGLYHUVLW\ RI D KDELWDW VKRXOG VD\ VRPHWKLQJ
DERXW KRZ GLIIHUHQW WKH LQKDELWDQWV DUH IURP HDFK
RWKHU +DUSHU DQG +DZNVZRUWK  7R VLPSO\
VD\ ZKHWKHU WKH LQKDELWDQWV EHORQJ WR VDPH
JHQXV WULEHV VSHFLHV GRHV QRW VHUYH DQ\ SXUSRVH
LQ ELRGLYHUVLW\ DVVHVVPHQWV 7KH SUHVHQW VWXG\
VKRZV WKH DELOLW\ RI WD[RQRPLF UHODWHGQHVVEDVHG
GLYHUVLW\ LQGLFHV WR UHODWH WKH SK\ORJHQHWLF
VWUXFWXUH RI DQW DVVHPEODJHV ZLWK KDELWDW
HFRORJLFDO FRQGLWLRQV DQG KDELWDW KHWHURJHQHLW\
7KHLU DELOLW\ WR HYDOXDWH SULRULWLHV IRU FRQVHUYDWLRQ
RI KDELWDWV PDNHV WKHP PRUH DWWUDFWLYH WKDQ WKH
FRQYHQWLRQDO GLYHUVLW\ LQGLFHV IRU IXWXUH
ELRGLYHUVLW\ DVVHVVPHQWV +RZHYHU ZH VWUHVV WKDW
DQ\ FRQFOXVLRQV DERXW WKH XWLOLW\ RI WD[RQRPLF
LQGLFHV GUDZQ IURP IRUHVW OLWWHU DQW DVVHPEODJHV
DORQH PXVW EH WHQWDWLYH SHQGLQJ FRPSLODWLRQ DQG
DQDO\VLV RI FRPSUHKHQVLYH GDWDVHWV DQG WKH
WD[RQRPLF GLYHUVLW\ SURSHUWLHV RI RWKHU IDXQD DQG
IORUD
Implications of our findings
7D[RQRPLF GLYHUVLW\ RI WKH DQW DVVHPEODJHV YDULHG
EHWZHHQ WKH IRUHVW YHJHWDWLRQV DQG WKH UROH RI WKH
YHJHWDWLRQ W\SH LQ GHFLGLQJ WKH SK\ORJHQHWLF
VWUXFWXUH RI DQW FRPPXQLW\ ZRXOG QRW KDYH EHHQ
QRWLFHG LI FRQYHQWLRQDO LQGLFHV KDG EHHQ XVHG
1RQGHSHQGHQFH RI VDPSOLQJ WKH XWLOLW\ RI
QRQTXQDWLWDWLYH KLVWRULFDO GDWD IRU FRPSDULVRQV
DQG WKH DELOLW\ WR UHODWH ZLWK KDELWDW TXDOLW\ PDNHV
WD[RQRPLF GLVWLQFWQHVV PHDVXUHV PRUH
FRQYHQLHQW WRROV IRU GLYHUVLW\ DVVHVVPHQWV
1RQGHSHQGHQFH RI VDPSOLQJ LV RI JUHDW
VLJQLILFDQFHLQGLYHUVLW\ DQDO\VLV RIVRFLDOLQVHFWV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH FRQVLGHULQJ WKH SUDFWLFDO GLIILFXOWLHV HQXPHUDWHG
LQ GHWDLO E\ /HSRQFH  7KH FXUUHQW VWXG\
KLJKOLJKWV WKH SUDFWLFDO XWLOLW\ RI WD[RQRPLF
UHODWHGQHVVEDVHG ELRGLYHUVLW\ LQGLFHV LQ GLYHUVLW\
DVVHVVPHQW DQG WKHLU VXSHULRU TXDOLWLHV LQ
FRPSDULVRQWRFRQYHQWLRQDOLQGLFHV
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